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ABSTRACT 


The temperature dependence OG sds filcae tee nee enon 
PU-BE neutrons in distilled water polsoncdm wale eae 
acid was studiedwicing econeemterations Of 1.058530. G70. 
and 30.0 grams per liter. Runs at each concentration were 
made at temperatures of 95, 131, and 167° F. The trend of 
temperature dependence was clearly established. A theo- 
retical temperature dependence of k*, where « = 1/L is 
mroposed usmne adeiNaxwellian distribution and found to bes 


inecocemacrcciient withmthegdata @eported in Reterence si7ie 
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To LN ERROR UCALON 


The dependence of thermal neutron diffusion length 
upon POlsoNn coneentratvon in water has Beene imemc) 1 ce tmem 
Several Cxperimenits ,sene Most ECxtensivewenmeviinen was. dome 
by) Goddard and Johnson (2). Using berome asst noma 1, vy 
BpSOGDeG=-1.lS Cross SCCEMOM ValleGS Inversciney memucuUunel 
Mel@clty--tLiese Investugacenrs Carried "oul expe simcmns seven 
s--a wide range of boron concentrations. 

ee Object set thisestudy was to aetermincwan, fils tem 
Hemet as a LUNCtE1ON Of boron Concentration and tempera. 
mare. Al atcenpt was made to represent both the absoup. 
(lon and the temperattige dependence of diffusion length in 
a polynomial approximation. This experiment was conducted. 


msing a plutonium-beryliium source. 








eee Lee Ole 


i ONE GROUP THERMAL NEUTRON DIFFUSION 
For a point source of thermal neutrons in an infinite 
hydrogeneous medium thew one -¢ roupeeheina lad weamcmon equa. 


tion may be written in spherical coordinates as 


i de yr 2 coma _i oo = 
Y* dr dr ical (lt) 


Using the source condition 


: S 
lim r* J (r) = = 
a At 
where, 
dé 
ae aan 


Pee SOlLULTON tO Che Gil rus@mon ecuacron is, 


a ee ie 

T 4nDr Cz) 
Where S is the source strength in neutrons/sec. 

die (determination Of tlie diffusion length would now 

me possible usimepthe above Selution if the meutromesource 
were, in fact, thermal. However, the PU-BE neutron source 
emits neutrons with an average kinetic energy of approxi- 
mately 4.2 MEV. The actual neutron spectrum extends from 
Vemyesloweenengaes to abomt 10.6 MEV. In order to use 
ne one e<roup thermal mocel, 1 ws mecessSary to acccune 


for the PU-BE neutron energy spectrum. This is accomplished 








by considering the Nevlrons. as bien Spo une ieee Ome @ininee 
a fast group with an energy range above 025 eV supe EommlliG 
MEV and a thermal group with energy .025 ev. The next 
simplifying assumption is to assume all the neutrons born 
EOuthe fast proupeare borneat the avenac cuanmoupmeme soi 
mine actual energy dustribution 1s >shown mie acupes sicnee 
there would be many different migration areas [6]. It is 
assumed that the fast neutrons are born at an average 
energy and therefore, there will be an average migration 
Oecd tie average wencrey of the PU=BE Meutrons is 4.7251 = 
Now having lumped the fast neutrons into a single 
Emenroy OC1rOUp ye tne SOUPrCce, Cermein tie dittiivsien coauat lon sean 
bemcerived. bois term MUSt repuesene those Source Neutvans 
that are born fast and have slowed down to thermal energy. 
ive one group diffusion Equation written with the souree 
term has the following form: 


La - 
= aa. Ee a (2A) 





Dy. SOURCE etl DEVELOPMENT 

FOLPameiSOuropac PpOlINt sSOUNMGCe Inseam einen te Med uu 
elie Source releases 54 NelEtOnsmpe: Ulit Came. Since yim 
hydrogeneous media a fast neutron may loose all energy 
mer PONC MCOUlL SOM LING sGenSity Ok (firs taser een une 
Sollisions 1s given by [5]. 


S 
ee) ery 
Oba ee Er) = ee zu (Egje Sane (3) 








For an infinite hydrogen medium, the slowing down 
density at any energy is constant and equal to the source 


density [4] 


S(r) = q (7,£) (4) 


mheretores, fOr eas poi. Sourecerenl tCimani as bam noms mca 


Ey? the number Ob Meveronsmentenrine unewemen i ieee 4 OeeS 


even by 
et. xr 
So de (EO) ns 
S(r) = oc} (es Ey) oa 7 ae 
MbsbitutLing into equation (2A) results in 
, “2 (Eo) 
1d ir do, Eis 6 z So (E Je =, 
r2 dr dr L2 AnDr? 
(6) 
or 
do 
ale St] - resco sc 
r2 dr ie r (7) 
where, 
Se eG) 
_ _O O eee Es) 
C ares ee and 1/b S70 
OF SOLUTION OF DIFFUSION EQUATION 


iieeeincecdleve | Opie ht wa frst ce Oss OMe dels Ivey mS do. 
sumed and ae is assumed constant at the average energy of 


the fast neutron. The homogeneous solution to this equa- 


e10n 1S: | 
eee : se 


H r Yr (8) 
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Since the flux smust bDesbini te evel Wie wee aise cue aar 


Assuming a particular solution of 


-r/b 
6 =sES 
P r- (9) 





ad SUBSTI LULING win. camauLone (7 jm ee ddc 


e T/L Cb2n2e 71/5 


; Drecoe4 ) (10) 


hea 
I 
> 





jais 1s the asymptotic solution (i.e., the solution for 
fo) tor Equation (6). 

lteb- ais larger than b, the £irst term of Equation CEU 
becomes much more significant than the sccond term at some 
Pct rciently large r and the flux can be assumed to decay 
feo simple exponential. For PU-BE sources b is larger 
than L*, hence the complete expression must be retained 
mercorrectily describe the neutron diffusion. The several 
Mirnows associated with this equation; namely, the con- 
mene A, the parameters Dob considerably increase the 
ierrrculty of determining an accurate diffusion length. 
Bven though it has been possible to develop a theoretical 
expression for flux based on a one group model with a 
melee term to account for the fast meutrons. Chis, ex- 
pression is not simple and does not lend itself toa 
straightforward determination of di Trust oOne loners . hows 
vier , site is StL possiplcyrorprocecd DY Clann e@t otic 


relationship between diffusion length, age, and migration 


sha 











area. Although this method is far from simple it does 
offer a solution. [he Mextes Gen wi lib ew eomdevcllonmine 


expression for age and migration area. 


Dp: NEUTRON AGE CALCULATION 
The definition of age can be derived from the reactor 


Selticality eduation written in the moment s:orm [6] 


anal ate (1) B?Y ren = ij 
1+L7B? (2n+1)! | (ele2)) 


For ean Intinite medium PE is possable to meplect all” tern. 
ereater than n = 1. The summation of equation (12) can be 


mweitten 2s: 


Ba, Meee Nebo: 


os! 5 | B 


+ eee 











Mew Setting the above approximation equal to the critically 


equation in the form 


1+ L2B? ae See Ci 


we get 





when all terms in the series with n>l has been neglected. 
Using a series expansion of the exponential, the expression 


becomes 
B2r2 
 @! (14) 


EZ 





which yields: 
a i (Us 8) 
(E.5E) = O, 
(15) 

The age relates to the mean-square distance traveled by a 
Meliiron TromeitS point sot bath aseatast meutron Commie 
point at which it becomes thermal. 

The mean-square (net vector) distance, r*, which a 
neutron travels from its source to where it is absorbed, 


menciven by [3]. 


eo = 
2 
any 2. “omy (16) 
Bubstituting 
ae) 
OGG ee ae r EY 
S a) 
mom the age-diffusion theory, gives 
Jy 2 E) d 
pe es of (ie gE) ay 
Jf aire ad (18) 
Tiewsatunrated deli Vat, scam berwiteren as 
A. ee ee (19) 


Miere both the macrescopic cross-section and the flux ane 

functions of energy. Integrating over the energy range of 
interest and substituting Equation (17) into Equation (19) 
ne Las: 


ses 





aq (E) £,(8) dz 


> 
i! 
_ 


S 
a = (20) 

For the single resonance peak of indium it is pos- 
Sible to assume: (1) the integral 1S small except at the 
resonance peak, (2) the slowing-down density is independent 
of energy and (3) the moderating power (éz.) 1s constant 


over the peak. Equation (20) may now be written as 


teh Sale ; 
a a re (21) 
S 


This shows that the slowing down density is directly pro- 
Mmerttonal to the’ saturated activity. Substituting Equa- 


eon (2) anto Equation (18) yields: 


aD eg ive Ge dr 


A. Ga) Male (22) 


which for cadium-covered foils becomes 


J eo Aan Geil chs 
0 


Top = [” 
2 
| +g Acy ‘Ga che 
(23) 


minally , 
4 
8 Acn (2) cae 





2 
ie Acp (2 yemelae 


(24) 








An experimental evaluation of Equation (24) is in- 


cluded in Appendix B. 


1BE DETERMINATION OF MIGRATION AREA 


The total mean-square distance a neutron travels from 


Z 
re 


Boasts of two parts: (1) the mean-square distance covered 


Hes POINECOr DITL eOprtSepOllt Of lee haemrenne con- 


Ze 


in slowing down process, r e and (2) taemmean- satan cmcaies 


Zi 


memececOvercanin the process Of thermal sdirmiscwvon . one 


ine first parameter correlates with the age, and the second 
Morameter Correlates with thermal ditfusion length, Lz We ||. 


The migration area is defined as 


M* = 7 + L? (25) 


The correlation between pee and M* is given by 


[ moa. feel Tr) ten 
2 : S 


M 6 i. 
4 » 
, cs) dy 


The integrals can be obtained in a manner analogous to the 


(26) 


ferivation of Equation (24) for ae 


lee TEMPERATURE DEPENDENCE APPROXIMATIONS 

In order to formulate the temperature dependence of 
Seriusion Lenptn a Serics Expansion in absorption Gross 
Sectlon LO Of tle “ormesueeestca  byenemercice | 2 um ds 
Pte 1) beled. 


Ke =soet Oye) - 20. + a3h? 


ad 


(27) 


aO 


i 








where K is the anvense ot ie adi tr csommciic ie 2 an 1s 
the sum of the 2200m/sec macroscopic absorption cross sec- 
tions for boron wand hydrogen and the oem ines cocere lei 
to be determined. We shall attempt to anemde the tenper se 
ture dependence inetnesexpansion, defrmedmhy seaqilat lola 

A first approximation of temperature dependence was 
derived by assuming a Maxwellian distribution [4] for 
Meutron flux. 

Se ae ee a G 
°(B) =4eH/* (2) be 
(28) 

were n is the density of neutrons, K is Boltzmann's Ccon- 
stant, mis the meutron mass, and T is the temperature of 
the medium in degrees Kelvin. By setting the derivative 


eeeequation (28) equal to zero it can be Shown that the 


most probably velocity is given by [4] 


<= 
i 


1 Sa Vc 3M) cM sec (29) 


mom this 


(30) 


where Us is the most probable velocity for a Maxweilian 
mix at 293.0 Kk. 

Using this relationship lt iS DOSS ible to welate se 
average thermal macroscopic cross section as a function of 


Bempena ture a) 410. 
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a 2 eo = (BE) (31) 


This relationship was applied to the polynomial appneos. 
mation with the temperature dependence being applied to the 
eoeificients. In onder to test the validie@ao: thowappme a. 
Mee1on the data repewted by referencer 7 mate. > Ounommsce 
mere tne initial data at ee This approximation was found to 
correlate very well with the data at 65°C from the same 
reference. The relatively large error associated with the 
meesent research precludes aly cone Lusion Horne, sees fle than 
meas trend Of the deta 1s im the Girection of the approx. 
Merion. Figure (7) is a plot of K* versus =, for various 
memperatures using the temperature dependent approximating 


polynomial. 


Wy 





III. DESCRIPTION OF THE EXPERIMENT 


Indium foil activation measurements were made in 
heated water poisoned with boric acid (H=BO.). Fifteen 
indium foils were placed in a plexiglass holder at inter- 
wees of 1/2 anch. / @yevholder was Vocated ano the centcr oO. 
a 22 X 30 X 23 inch tank made of 1 inch plexiglass. The 
mink CONtained approximately 45 gals. of distilled water. 

mio, -icoOStat controlled, SOOKW-emersion heaters were 
sed to heat the tank. Temperature control within 1/27 
mes provided by a Thermistemp unit controlling a third | 
emersion heater rated at /S50KW. The tank was kept at a 
mm.Lorn temperature by a variable speed electric stirrer: 

ihe tank was located on top jor a second tank convam. 

mio the radioactive PU-BE source. This steel tank was 
mo feet in diameter, 1.25 high and contained 65 gals. of 
mmecr. the sources were Contained in three stainless steel 
tubes arranged in a triangular configuration. The highest 
source was located 5/8 inches from the er: the tank. 
ire Sources were located directly under the foil column 
by three plexiglass extension rods. 

The three source strengths were 1, 1, and 3 curies. 
Since the sources were anisotropic, the extension rods were 
ferkedssOutnat the sources could be placea £60 insure elec 
mile Cxposune duUnrIngw@every FUN. “FiCures Zasmousmenceex 


perimental set-up. 


18 





S aitueait ede b 0 iieesaiemd sco litalonsmie Lomadded fom GheciGmed 
runs. After thorough mixing, samples were drawn and an- 
alyzed checmically as described in Appendix A. 

Fifteen foils were used for each run. The relate 
flux was measured with bare indium foils 1.0 inches in 
daameter and .0i,imehes thick. Indium resonance aceiary 
was measured with similar foils placed in cadmium covers 
.020 inches thick. Irradiation time for each run was three 
hours. The foils were removed, one at a time, and allowed 
mon adecay fOr three minutes before counting. This waiting 


aco decayaabo aa) 


eime allowed the 13 second half-life In 
level that would not interfere with the 54 minute aCt i Vaiet y’ . 
Foils were counted for three minutes using the equipment 
meerriod in Table b. his coumteine technique resulltedyin 
meandard deviations ranging from .1 to 0 oe one Back- 
ground counts were taken before and after each run and 


averaged. The average background was subtracted from the 


£6il counts before correction factors were applied. 


eee om GM tube 
Spendtmme woltage S00 vets 
Voltage Supply Hewlett-Packard Model 6516A 
Preamplifier Hewlett-Packard Model l1045A 
WetiniC= > Cakat Hewlett-Packard Model 5201L 
AG Ee. 


COUNTING EQUIPMENT 


BD 
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IV. ANALYSIS OF DATA 


ie ACTIVATION DATA 

Each run was Conducted with frfteen ftorls, | ihewtoml- 
were irradiated for three hours, removed one at a time, 
then counted-starting with the foil closest to the source. 
iternis way, the forls with the lowest coumes were irradia 
ted as long as possible to improve the counting statistics. 
mom COUNTS Were corrected for differences in foil weights? 
absorption of indiuin resonance neutrons by the cadmium and 
@oumcer resolving time. 

Foil weights were normalized to 1.0 gram. Correction 
meetors ranged from 1.071 to 1.082. 

The indium resonance counting rate correction was 
1.11 as determined from reference [10]. 

Counter resolving times were determined by the two- 
source method using 


ees 2 


2 
La Nere I-Not 





where A is the saturated activity, N is the mean counting 
mee, and £t 1S the resolving time. <A correction factor 
of 1/(1-N,) was applied to all counting times. 

The saturated activity was calculated using the cor- 


mectead COUNLtS in the equation 


a AC 
Pe ia ae es oe ee Coes, 
S Glee ee Ge CEN Cle WAG ene: ) 


hf 








where, 


tf - Gerradiation time 
to = time =colm tam capstan seid 
eee luis ereihiiesigie  Gecon oferta 
foo. ty - eval tine time 
j—t> - GOUuNtINe time 


Jens: We elle Ike rerecl tcloves ose Ibelimaliige Slr seelietexal ie vali cose 


* were computed 


ee on i 2 
mre duantities Asr“, Asr’, Vesa and By aie 
and plotted versus the distance from the source. The con- 
poteraprogram used form these calculations is described am 


Appendix D. 


Be. RELAXATION LENGTH 
Equation (6) gives the space dependence of the slow- 


ing-down density as 


C pecs 


Oy ee) eer 


SIMGew tile ACen iy lS mod ODOt bi Olla | a eG ane CMs ie wmeme 
down derisity as shown in Equation (21), we: have 


C oy 


S r2 52) 


Rewriting and taking the logarithum of both sides yields 


4 = = 
era a = CONST ve // 19. (33) 


The quantity ln Ses Was DPlOLteG sap dims i slotalce 6 Inc 


belaxXdtronerencti is the Negative reciprocals ot, the slope. 


Ue 








The same method was used to determine the relaxation 


length associated with the indium resonance activity. 


. AGE AND MIGRATION AREA 

Equations (24) and (26) were used to determine Age 
and Migration Area. Computer Program No. 1 (Appendix D) 
mkotted graphs of Asr-, Be ae car 2) Sania Awgt V cm suismane 
A smooth curve was drawn through the data points up to a 
radius of 12 cm. At 12 cm the plot was considered expo- 


enmential and extrapolated to infinity by means of a curve 


Zormed from the equation 


Nea e = 16 a Tih 


moere Db 1S =the relaxation Veéngeth, determined from curve 
Mmecting Of measured activities and the logarithmic plot, 


Z 


The areas under the Asr?* and ves curves were determined 


y 


Pee simpsons rule. The areas for Asr‘ and Bye ue Were de- 


7 Cleles) jc nis by fee eon! 


menmained by multiplying the Ar 
mmeeceratine the result, rather than integracine the Asn sand 
eat Curves idanectiy, VAtterycne areas had been compured 
the second moments were determined by Equations (23) and 
(26); and finally Age and Migration Area were found from 
Equations (24) and (26). The computer program used for 


ehese computations is Appendix E. Plots of Asr* and Weape 


are included in Appendix B. 


Dd. DEPEPUSTON LENGTH 
Drtfusion Veneth 1s determined from Hawarnen Gl) 


The Age that has been determined is to the indium resonance. 
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1.8 cm* was added to the Age to account for the Age in- 
crease from indium resonance to thermalwener cies 96am 
nature of the calculation-the difference got two melacuy  a, 
farce numbers-leads eto considera lle var ta tone Mileeee eer 
Sults even under the best experimental Conditions. mona) 
errors (+.5 cm*) in the computed values of the Migration 
Pee a and Ace Headeto 20 percent Chance inveme value von 
diffusion length. If errors are estimated to be 2.5 ene 
Pmuchy  roascONnablGmestaimate for Chis expemimene,. ee wowles 
ee diffusion length at nee: poison some Siteretti ons itl 
momy 2cU0 percent, As the porson concentration is increased, 
diffusion length decreases and using the same estimates of 
Pimeorwtne percent Crror becomes very large. From this it 
meconcluded that thew results of this experiment Segvemenms. 
me show the trend of the temperature dependence of diftusvon 
length and the values determined should not be considered 


apsolute. 
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POISON CONCENTRATION (g/1) 
BRGURE 5 
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V. CONCLUSIONS 


Both Age and Migration Area were found to be relatively, 
weak temperature dependent parameters in the temperature 
mamee Under Investi@atiome., ine trend Of whem cemperavune 
dependence was clearly established and in agreement with 
maemEnecOly. Errors associated with the aleulationssok 
Mme se parameters were mMdinly due €o the Statistical eros 
mem the weak neutron seurces and the location of the neu 
jron Origin. The products es ae a Ve and Ave 
femc Creativ eintivuenced by the position Of the Ofmeam. “Fine 
merangular conticuration of the sources made the selection 
pasonme Obagin tor allemeutrons difficult,» The first orem 
Mole cred Was the eomertric center of the taree sourcese 
Mme validity of thas reference point was tested by come 
maring the relaxation lengths obtained for pure water with 
meose reported in references [6, 9]. The results were not 
in agreement. The best agreement was obtained by assuming 
famorioin om the top surface of the uppermost (also the 
eer ongest) source. However, it should be pointed out that 
Bris forces the assumption that all neutrons are born at 
mms) POINk when actually the neutrons from the other 
Pouirce are DOIN ated Sienitieantly dittfercnt dairstance’: 

Tiered feustonelenierh that 1s experiment was determined 
Dy  CcOMpuUtLIng the squane TOO Of The di ference pervecn= Je 
and Migration Area. Because of the nature of the calcula- 


tion the relatively small uncertainties associated with 


on 





these parameters can and did llead to very slarcopunecr. aga. 
ties in the diffusion leneth. The anvestvamtor Gennes 
tant to place too much weight on the final values of dif- 
fusion length. Rather than draw any conclusions as to 
exact values of diffusionmslength the résules ware reported 
enly to show the trend of the temperature dependence of 
diffusion length. 

Using a polynomial expansion suggested by Ref [2] a 
emeccsstulVertOrt was mace in repsesenting woth the temp—. 
erature and the Siecrption dependence of diffusion length. 
The form of the temperature dependence was derived from 
the Maxwellian distribution and applied to the macroscopic 
HesOrption cross section. The plots of the approximation 
were in excellent agreement with the data reported in 
reference []]. It is hoped that this approach 1 ili serve 
as a basis for further work in this area and that the ap- 
proach will prove successful at higher temperatures and 


Peison concentration. 
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APPENDIX A: DETERMINATION OF BORIC ACID CONCENTRATION 


Ay il cram of Boric Nerd (HBO) was dissolved in 300 ml 
one. S ti ed HO. Twenty-five ml jof ¢lyceroleand 0 sdireme 
of phenophthlen indicator were then added and the result- 
ing solution was titrated using a .1N NaOH solution. A 
mescincect reddish-pink color marked the Crtimation end —poume 


leas titration established the molarity of the standard: 


be oample Analysis 
A 25 ml sample was drawn for analysis. To this sam- 
ple were added S5ml of glycerol and 4 drops of phenophthalein. 


This sample was then titrated using a .1N NaOH solution. 


ee oample Calculation 
[AS sniworestandand (iN) NaOH solutveme was usca. toe 
Pen end-point of the’ standard solution {1 gm dissolved 


in 300 ml HO) . 7/25 ml Ot NAG preducedscng= Vet ine sm 


sample. 
Ze oe) a y ml 
7 Sem Coane) 300 ml (STANDARD) 
y = 33 ml 


From standard 





apy et = 3.33 gm/liter 
Jb ss inl = 33ml1 
ST ema. x 


x = 7.7 em/ liter 
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TABLE V 


HBO, CONCENTRATION 8.0 g/1; INDIUM RESONANCE ACTIVATION 
TEMPERATURE 95°F | 
A... (CPM) MEAN COUNT STANDARD 
r(cm) CD DEVIATION 
al 4338.9062 3510.60 30 59.25 
5.08 2691.9985 2172.06 39 46.60 
6.35 2028.5357 esis o 40.39 
7.62 1447.7858 1160 .9482 34.07 
8. 89 1094.8874 $7112 cues 29.51 
Lio, WG 769.0697 612.2907 24.74 
11.43 580.6441 460.4277 21.45 
12.70 423.2587 334 1813 18.28 
13.97 315.7761 248.0522 15.74 
15.24 235.0387 183.7874 Ney ee 
6 aaa ass 133.4304 Tse 
17.78 127.5265 98.6032 9.92 
19.05 89.6837 68.9076 8. 30 
20.32 67.0308 51.1201 7.14 
21.59 75.2695 40.5087 636 
TABLE VI 
HBO, CONCENTRATION 8.0 g/1; TOTAL ACTIVATION 
TEMPERATURE 95°F 
STANDARD 
r(cm) Ag (CPM) MEAN COUNT DEVIATION 
3.81 11509.8781 13952.5742 - 418.12 
5.08 9497. 4623 8464.7929 92.00 
236 7423.1657 6507.8710 80.67 
7.62 5566. 3006 4894.4101 69.96 
8.89 4071.2426 3612.4257 60.10 
10.16 2972.1105 26.27.4343 Ss 
11.43 2250.4948 1981.6005 44.51 
12.70 1729 .0450 1505.0419 38.79 
13.97 1235.7078 1077. 4638 32.82 
15.24 989.6018 858.1154 29.29 
Me. Bd 732.5951 622.7670 24.95 
17.78 522.9899 473.8107 21. 76 
19.05 419.0863 356.7763 18.88 
20.32 322.2161 272.4084 ease 
21.59 248.4556 208.4776 a 
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ecole ne Vv dal 


HBO, CONCENTRATION 8.0 g/1; INDIUM RESONANCE ACTIVATION 
TEMPERATURE 131°F 
A... (CPM) MEAN COUNT STANDARD 
r(cm) CD DEVIATION 
3.81 3740. 3436 3040.1044 SSeS 
5.08 S27 ars? 1841.5061 42.91 
6.35 i674 1404.8835 37.48 
Oe 12901232 1041.6748 GD OE 
8.89 889.0577 73 006s 26.96 
1 26 675.6499 SAL 6 onh 23.27 
i ae 540.5715 431.8361 20.78 
12.70 365.6290 290.9912 Ly OE 
sagen0:7 269 6938 213.8565 14.62 
ileal 207.0582 163.2117 1 a 
eS 159.8396 124.7460 ipaio 
i 78 110.9198 86.0412 9.27 
19.05 107.6441 83.0443 9.11 
20.32 yi. olga 38 Se pe 
21.59 60.8034 46.2799 6.80 
TABLE VIII 
HBO, CONCENTRATION 8.0 g/1; TOTAL ACTIVATION 
TEMPERATURE 131°F 
STANDARD 
r(cm) Ag (CPM) MEAN COUNT DEVIATION 
3.81  20109.0553 18046.6484 134.33 
5.08 8) TlESQ ason 10350.9726 Oi os 
4 Se S068 e208 JOS. S506 88.95 
16% 6536.7874 5812.9609 76.24 
8.89 M962, BOIS 4397.5390 66.31 
10.16 BIA. WROTE 3084 1es? 5750 
ip 43 2812. 3892 2472.5913 49.72 
1A. FG 2091.6808 1830.8740 42.78 
13.97 1610. 7691 1403.2451 37 1G 
15.24 1271.6344 onl sans 33.19 
16580 935.2484 806.1274 28.39 
17.78 729.9680 625.0952 25.00 
om 546.4106 465.1699 esc 
20.32 412.6101 348.8295 18.67 
21.59 Hy) Se 274.4113 hensG 





H 


3 5 TEMPERATURE 167°F 

STANDARD 

r(cm) Acp (CPM) MEAN COUNT DEVIATION 
3.81 4268.5135 34.36.8632 58.62 
5.08 2863 .6486 aly) 47.95 
4.85 PEE LOE 1870.2941 43.24 
7.62 keen os NOD ous 20 36.50 
8.89 1369.9945 1090.5432 2802 
MG. 6 Siiga7 lal Tole S 27.80 
11.43 697.1962 sgl G05 23.48 
12.70 ngs Ssh 374.7990 19.35 
es 97 388.4696 © 303.0793. 17.40 
15.24 392.8802 255.2706 15.97 
LG eal 264.9628 205.1085 Wl, 82 
iL AG G16, SOLE Ge, AIDS 2,72 
19 05 139.1435 106.7854 10.33 
20.32 107.4450 82.6591 9.09 
LSS 89.9828 68.8904 8.30 

TABLE X 
HBO CONCENTRATION 8.0 g/1; TOTAL ACTIVATION 
TEMPERATURE 167°F 

STANDARD 

r(cm) Ag (CPM) MEAN COUNT DEVIATION 
3.81 20692.8863 18570.5976 Sema 
5.08 12481.0852 Lid Once 105.68 
5.35 9169.2326 8180 .6640 90.44 
ie 77 sos 5582.4726 7 al 
8.89 5 344.6326 4736 .0898 68.81 
MG 3937.0296 As S588 58.95 
ek 2886.7369 2537.9560 50.37 
12.70 2290.5178 2004.9187 A477 
seo] Wicen 2672 1540.4257 39.24 
15.00 1368.2429 1185.8757 34.43 
6 51 1108.0042 955.0327 30.90 
Vege 861.6697 738.2927 ae, 
19.05 659.6030 Bek Soe eGo 
20.32 477.2240 403.4556 20.08 
21.59 346.5687 290.9023 LOS 


BO 
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CONCENTRATION 8.0 g/1; INDIUM RESONANCE ACTIVATION 





TAB DES 


Se 


HBO, CONCENTRATION 16 g/1; INDIUM RESONANCE ACTIVATION 
TEMPERATURE 95°F | 

STANDARD 

r(cm) Aen (CPM) MEAN COUNT DEVIATION 
3.81 AMNG. SO 32 Sey, BG Le 
5.08 3034.3682 2334.3879 48.31 
6. Bie 2185.4791 1689 .1000 41.09 
G0 1419 .0948 1101.6096 Sones 
8.89 1164.1740 907.5075 By 2 
10.16 755.3704 591.1831 24.31 
er 558.3584 438.6540 20.94 
iia) 70 sis uly SES 02510 me 18.94 
ens 97 309.0079 244.4800 5 66 
ep 24 BO) BOT 180.7092 13.44 
LG. 5ul 220.7544 175.7788 13.25 
Laas 209.2343 G7) 1 Ge 12.92 
19.05 131.9818 105.7061 10.28 
20.32 00777 104.4638 lls 22 
59 Lily Leys 94.3071 9.71 

TABLE XII 
HBO CONCENTRATION 16 g/1; TOTAL ACTIVATION 
TEMPERATURE 95°F 

STANDARD 

r(cm) Ne CERM) MEAN COUNT DEVIATION 
3.81 18626.1055 9497.1953 ovens 
5.08 10895.5391 5582.4882 7 Tal 
aes 6685.8054 3441.4116 emoG 
Toe SK 6 LOS 2890.9396 53.76 
8.89 S102 647 1922.2897 43.84 
Mite yies 2939.2058 fee Mine 39.14 
11.43 D3) Aka 1233. 4499 35,12 
12.70 rua see 804.2429 28.35 
13.97 1391.1851 733.0488 D0) 
15.24 970.9109 aie Dare aD 65 
16.51 728.9893 386.5915 19.66 
17.78 Fee 1G 274.5700 18% 
19.05 404.9721 Bie 015 | Wants 
O52 BIL 6 wale Wee WOE ios 
21.59 230.3158 123.5047 LL, LI 
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HBO... CONCENTRAIM. ON SiiGune/ 1 INDIUM RESONANCE ACTIVATION 


> "5 TEMPERATURE 131°F 
STANDARD 
r(cm) Acp (CPM) MEAN COUNT DEVIATION 
3.81 4133.0768 LGM, BEDE SG OE 
5.08 DTD. Bb Ta 2085.2368 Ms 6G 
6.35 2175.8190 1681.6340 41.00 
oe 1594.8277 LAS OD AG 35.18 
8.89 1188.0543 926.1230 30.43 
morale 876. 8356 686.2463 26.19 
‘Lae cs 687.5132 540.1201 Dem. 
1 ae 501.3977 395.3308 19.88 
13. 382.6678 302.7580 17.39 
15 a 282.6519 ao 14.97 
GaGa 224.8465 179.0371 13.38 
7 . 78 ei, ae 145.2425 120s 
io 105 127.9392 102.4683 ihouale 
20.32 se We 65s 8.85 
21.59 95 52 OG 59.1995 7.69 
TABLE XIV 
HBO, CONCENTRATION 16 g/1; TOTAL ACTIVATION 
TEMPERATURE 131°F 
STANDARD 
r(cm) Ag (CPM) MEAN COUNT DEVIATION 
2. il Heviee (01s 0S S51) ine 89.56 
5.08 omc as? 4697.1757 68.53 
6.35 Bees SILAS 3446 .2539 58.70 
G2 SSaGos 2663.1140 51.60 
8. 89 3788.3850 LG. Oe Aa. 34 
VO. 2832.8391 1476 .5834 38.42 
iia, Oe 2144.8511 1D DOE 33.49 
12. e 1595.8782 838.0163 28.94 
Lea fal) is cil, 620.4697 24.90 
15.24 906.2015 479.0686 21.88 
16.51 668.0390 354.2690 18.82 
Te 505.9825 269.1296 16.40 
19.05 354.5358 189.1125 i375 
Ae, NG) DASE fos Go 12.39 
21.59 213.6016 114.5419 10.70 
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TABLE XV 


HBO. CONCENTRATION 16 g/1; INDIUM RESONANCE ACTIVATION 


3 5 TEMPERATURE 167°F 
STANDARD 
r(cm) Ac (CPM) MEAN COUNT DEVIATION 
3.81 4213.6345 QDs GUE 56.78 
5.08 2672.1145 2055.7004 45.33 
435 7102.6545 1625.0671 40.31 
7.62 1520.5024 1180. 3295 oa0s 
8.89 1145.9158 893.2749 29.88 
10.16 869.8834 680.8051 26.09 
itl Ae BGS IDS 529.2858 23.00 
12.70 492.3515 388.1984 19.70 
139 468 0608 288.8278 16.90 
132A 278 6658 221.1986. 14.87 
1G. 211.2086 Weaen Wae 12.08 
17.78 158.9448 126.9398 Hal 26 
19.05 123, 8967 99.2307 9.96 
00 . 32 90.8913 72 7 8.54 
21.59 Mle Gaye 36 Giled 1) SY: 
TABLE XVI 
HBO CONCENTRATION 16 g/1; TOTAL ACTIVATION 
TEMPERATURE 167°F 
STANDARD 
r (ci) eer) MEAN COUNT DEVIATION 
3.81 TS6re 6585 7996 .8828 89.42 
5.08 9559.2448 4897.8164 69.98 
ens 7208.4950 Ton Asan 60.91 
7.62 S07 Gas 2844. 8632 Sooo 
8.89 Reels vals 2022.2421 44.96 
mOL16 2960.54 30 1543.1474 39.28 
11.43 2208 .6044 Tals Bese 33.99 
12.70 1682. 521% 883.5139 29.72 
97 1226 .8919 646.4787 25.42 
15), 24 936.2943 494.9772 22.24 
Gs Sn 698.5095 570\.4277 19.24 
7 76 500.3817 266.1506 1G Bil 
19.05 395.2241 210.8160 14.51 
20.32 299.4661 160.1714 once 
21.59 216.0595 115.8599 Oe 70 


oo 





TABLE XVII 


He BOs CONGR ie O Nees Cie le INDIUM RESONANCE ACTIVATION 


°° TEMPERATURE 95°F 
STANDARD 
r(cm) Acp (CPM) MEAN COUNT DEVIATION 
3.81 3814.3995 1752.1708 41.85 
5.08 2444 .9645 1128.5703 33.59 
6.35 1898.0324 880.1640 29.66 
7G? 1466.2170 682.9135 26.13 
8.89 1152.9376 539.2492 2G De 
10.16 807.3318 379.1101 19.47 
11.43 595.1468 280.5332 16.74 
12.70 Dees 2 215.4151 14.67 
13.97 351.5190 166.8683 12.91 
15.24 238.8134 113.7388 10.66 
16.51 181.2051 86.5722 9. 30 
17.78 12s 25i2 60.0184 7.74 
19.05 88.86 86 Sa 6.53 
20.32 44.0997 21.2496 4.60 
21.59 17.3741 8.3934 2.89 


BeBe evel 


feeO- CONCENTRATION 30 ¢/1; TOTAL ACTIVATION 


5 3° TEMPERATURE 95°F 
STANDARD 
r(cm) Ag (CPM) MEAN COUNT DEVIATION 
3.81 es 76 AG) S276 69.64 
5.08 5909 .7507 3027.9460 | 55.02 
4.35 4424.9625 LOT OU - 47.72 
Ge 3384.5104 To Fen 41.83 
8.89 DEED MOSS 1325.0078 36.40 
mothe 1875 .4493 oes es 31.06 
ae 1474.2346 76ye DBD a Oe 
270 MOE eae Ba OG DG 58 
13.97 773.8019 408.3164 20.20 
15.24 579.9679 S07 OAC? Ws? 
eal 422.9913 0 ae 15.00 
Le 322.3804 ile (ii 10 
19.05 AMD Gee 120). Gees 11.38 
Na Oe Opes 797 108.4727 10.41 
ZL be 110.3097 59.2159 7.69 
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TABLE XIX 


HBO... CONCENTRATION 30 ¢/1; INDIUM RESONANCE 3 Ci iy ie: 


+> TEMPERATURE 131°F 
STANDARD 
r (cm) Acp (CPM) MEAN COUNT DEVIATION 
3.81 AG sal 3048.0051 55.20 
5.08 WO OGRS 2021.6328 44.96 
3S 2034 .2463 1574.2250 39.67 
762 1441.6142 ie tale 33.47 
8.89 1119.1448 DTI Vane aS) sal 
ae 845.8544 660.1320 mae 
43 639.5929 501.1230 Ok: 
12.70 483.9967 380.6340 19.50 
1197 as P80) 2565 16.74 
15.24 272.6566 15 9055 14.69 
oes 217.1437 172.5205 13.13 
17.78 161.9829 129.0929 11.36 
19.05 120.0964 95.9932 9.79 
20.32 93.7458 75.1415 8.66 
P59 736595 ie) Lees Tee 
TABLE XX 
HBO, CONCENTRATION 30 g/1; TOTAL ACTIVATION 
TEMPERATURE 131°F 
STANDARD 
r(em) Ag (CPM) MEAN COUNT DEVIATION 
3.81 9348.0959 4766.4648 69.03 
5.08 5167.0679 2647.4218 51.45 
Aas 4059.7207 2089 .6765 5 val 
7,62 3025.5249 1554 .21706 39.42 
8.89 2255.1747 1171.4912 34.22 
10.16 1693. 3000 883.1005 29.71 
11.43 1280.2822 670.5717 25.89 
12 9 GOSS 5 509.6274 22.51 
13.97 76 B20 386.9528 19.67 
ea spe PSE Oe Oa. 17.40 
rons i hie Goa 229.0411 ise is 
ee OG 172.3308 ee 
19.05 242.8408 170) Ges ili, Be 
20.32 187.9917 100.6241 iD (Ons 
21.59 138.5682 74.3591 3.62 
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TABLE XXI 


HBO, CONCENTRATION 30 g/1; INDIUM RESONANCE ACTIVATION 
TEMPERATURE 167°F 

STANDARD 

r(cm) Ahoy COE MEAN COUNT DEVIATION 
oe 3956.9440 3029 .4165 55.04 
5.08 2678.0214 2060.24.46 45.38 
Geis POS 57 1568.5754 39.60 
7 62 1547.6544 1201.4069 Ey 66 
8.89 1174.0066 915.1723 A028 
10.16 889.3505 696.0410 oe 
i 43 ee 7isail RG ORGS 23.19 
2710 519.7670. 409.8142 20.24 
13.97 393.3046 310.2597 yl 
1Bame 306.2453 242.2943 US. BG 
ue Bil 239.2349 189.8993 eee 
is 175.6441 139.8590 11.82 
19.05 ine Ost Ibo aise 10.48 
20.32 107.9603 85.8811 3026 
21.59 80.4186 64.5832 8.03 

TABLE XXII 
HBO, CONCENTRATION 30 g/1; TOTAL ACTIVATION 
TEMPERATURE 167°F 

STANDARD 

r(cm) Ag (CPM) MEAN COUNT DEVIATION 
eal 8459.7042 £565 .5546° 66.07 
5.08 5483.4342 2841.7880 53.30 
ace 4247 .0050 2209.9780 47.01 
ee 3191.6215 1G BG (M5 40.70 
8.89 2346 .1385 1230.7382 35.08 
10.16 G2 Sle 927.8654 30.46 
11.43 1344.7866 710.2744 26.65 
12.70 997.1895 528.3569 22.98 
13.97 742.7238 394.7204 19.86 
15.22 588.4379 Bi. C206 pean 
nemee 440.6199 235.4891 ieee 
Lipo ve 91.4371 48.9967 6.99 
19.05 A Oey 130.2845 aL Atal 
Wg We 200.2300 Oy a UE 10.38 
Pile Se 141.4392 Sei 8.73 
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